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There is convincing evidence showing that the probability distributions of stock returns in mature
markets exhibit power-law tails and both the positive and negative tails conform to the inverse cubic
law. It supports the possibility that the tail exponents are universal at least for mature markets in
the sense that they do not depend on stock market, industry sector, and market capitalization. We
investigate the distributions of one-minute intraday returns of all the A-share stocks traded in the
Chinese stock market, which is the largest emerging market in the world. We find that the returns
can be well fitted by the q-Gaussian distribution and the tails have power-law relaxations with the
exponents fluctuating around α = 3 and being well outside the Le´vy stable regime for individual
stocks. We provide statistically significant evidence showing that the exponents logarithmically
decrease with the turnover rate and increase with the market capitalization, and find that the
market capitalization has a greater impact on the tail exponent than the turnover rate. Our findings
indicate that the intraday return distributions are not universal in emerging stock markets.
PACS numbers: 89.65.Gh, 89.75.Da, 05.45.Tp
I. INTRODUCTION
The logarithmic return of stock price S(t) over a time
interval ∆t is defined as follows,
r(t) = lnS(t)− lnS(t−∆t). (1)
The form of the distribution of asset price fluctuations
plays crucial roles in asset pricing and risk management
[1–3]. Early empirical and theoretical works, which can
be traced back to Bachelier in 1900 [4], argue that as-
set prices follow geometric Brownian motions, i.e., the
returns are normally distributed [4, 5]. More than half
a century after Bachelier’s work, Mandelbrot finds that
incomes and speculative price returns follow the Pareto-
Le´vy distribution, which has power-law tails
f(|r|) ∼ |r|−α−1, (2)
whose exponents 1 < α < 2 [6]. The picture of Paretian
markets soon becomes the mainstream [7].
In recent years, the Boston school shows that the tail
distributions of returns of many stock indexes and stock
prices for the USA markets exhibit an inverse cubic law,
where the power-law exponents are close to α = 3 [8–10].
A lot of empirical investigations have been conducted on
financial returns at different time scales ∆t in different
stock markets over different time periods, in which the
distributions vary from exponential to stretched expo-
nential to power-law fat-tailed [11–17]. This miscella-
neous phenomenon is rational since the tails are expected
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to evolve from power law at small time scale to Gaussian
at large scale [18], according to the variational theory for
turbulent signals [19], which has been confirmed by nu-
merous studies [9, 10, 20]. Note that the stretched expo-
nential distribution serves as a bridge between exponen-
tial and power-law distributions [11, 20]. Under certain
conditions the stretched exponential density approaches
to a power law, which is also supported by empirical ev-
idence [3, 21].
For intraday returns, the prevailing point is that the
distributions have power-law tails outside the Le´vy sta-
ble regime. Many efforts have been made to explain this
power-law behavior. Base on ultra-high-frequency data,
some researchers argue that large price fluctuations are
caused by large trading volume [22], while some others
submit that news and volume plays a minor role and
the shortage of liquidity is the main cause [23]. The
non-Gaussian behavior of stock prices can also be ex-
plained by the mixture-of-distribution hypothesis [17, 24]
or nonextensive statistical mechanics [14, 25]. In addi-
tion, different classes of microscopic stock market models
are also able to reproduce the power-law tailed distribu-
tions [26].
Despite the variation of tail exponents reported in
the econophysics literature, there is convincing evidence
showing that the tail exponents for stocks in western
mature markets are possibly universal based on a care-
ful study of the trade-by-trade data of 1000 major USA
stocks, 85 major stocks traded on the London Stock Ex-
change which form part of the FTSE 100 index, and 13
major stocks traded on the Paris Bourse that form part
of the CAC 40 index [27]. It shows that the exponent
values are α ≈ 3 for the three markets and do not dis-
2play variations with respect to market capitalization or
industry sector.
In this paper, we investigate the distributions of one-
minute intraday returns of all the A-share stocks traded
in the Chinese stock market, which is the largest emerg-
ing market in the world. Our aim is to test the possible
dependence of the tail exponents on the turnover rate
and market capitalization. There is statistically signifi-
cant evidence showing that the exponents increase with
market capitalization and decrease with turnover rate. It
indicates that, different from developed markets, the in-
traday return distributions are not universal in emerging
stock markets.
II. DATA SETS
We employ a nice tick-by-tick database of the A-share
stocks for all companies traded on the Shenzhen Stock
Exchange and the Shanghai Stock Exchange from Jan-
uary 2004 to June 2006. The data were recorded based
on the market quotes disposed to all traders in every six
to eight seconds, which are different from the ultrahigh-
frequency data reconstructed from order flows [28].
We compute the one-minute intraday returns for each
stock. We emphasize that the intraday returns are cal-
culated within individual trading days to eliminate the
overnight effect [15, 29]. For each stock, the one-minute
returns are normalized so that the mean is 0 and the
variance is 1.
III. DEPENDENCE OF RETURN
DISTRIBUTIONS ON TURNOVER RATE
We investigate the possible impact of the turnover rate
on the distribution of stock returns, especially on the
power-law tail exponent. For each stock, we first calcu-
late the total traded value of all trades in each minute
v =
n∑
i=1
vipi, (3)
where n is the number of trades, vi is the size of the i-th
trade, and pi is the price of the i-th trade. The 1-min
average traded value 〈v〉 is the average over all 1-min
time interval for the stock and the 1-min turnover rate is
calculated by the ratio of average traded values to market
capitalization.
We sort all the stocks according to their 1-min turnover
rates and partition them into 20 groups, ensuring that the
groups contain almost identical number of stocks. The
1-min returns of the stocks in the same group are pooled
as one sample. Figure 1 shows the empirical distribu-
tions of stock returns for the 20 groups. We find that
all these distributions share a qualitatively similar shape
with fat tails. A careful scrutiny shows that the curves
are not smooth around r = 0. This is due to the fact
that the prices of individual stocks have a tick size [10].
This phenomenon disappears when we investigate stock
indices [9].
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FIG. 1. (Color online) Empirical distributions of 1-min stock
returns for the 20 groups partitioned based on the average
turnover rate.
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FIG. 2. (Color online) Dependence of the exponent α esti-
mated from the q-Gaussian function with respect to the aver-
age turnover rate 〈v/c〉. The solid line gives the logarithmic
regression α = A + B ln〈v/c〉, where B = −0.09 ± 0.03 and
R2 = 0.40.
For the 1-min returns of Chinese stocks, the distribu-
tions can be well fitted by Student’s t-distribution [16]
ft(r) =
√
Lnn/2/B
(
1
2
,
n
2
)(
α+ Lr2
)
−(α+1)/2
, (4)
where B(·, ·) is the “beta function”, L is the scale pa-
rameter, and α is the degrees of freedom. The Student
distribution is also known as the q-Gaussian distribution
in nonextensive statistical mechanics [14, 30]. We fit the
20 curves using Eq. (4) and plot the estimated exponent
α as a function of 〈v/c〉 in Fig. 2. We adopt a logarithmic
form
α = A+B ln〈v/c〉, (5)
3and a linear regression gives B = −0.09 ± 0.03, where
the error is determined according to the standard t-test
at the 5% significance level. There is a decreasing trend
between α and 〈v/c〉.
The estimates of the tail exponents based on the fitting
of the q-Gaussian function might be biased since the bulk
of the distribution with not large returns has dominat-
ing impact on the objective function of the fitting. We
thus use a well designed method proposed for estimating
tail exponents, which is known as the CSN method [31].
We briefly review the idea of the CSN method for pos-
itive returns, which can be easily extended to negative
returns. The CNS method has a promising advantage
to determine the cutoff rmin in an objective way. After
the cutoff rmin is determined, the tail exponent of the re-
turns r > rmin can be determined based on the maximal
likelihood estimation [31],
α = N
N∑
j=1
ln
rj
rmin − 0.5 , (6)
where N is the number of returns r that are no less than
rmin. In order to determine rmin, one needs to scan differ-
ent values of r to determine the corresponding parame-
ters and obtain the Kolmogorov-Smirnov or KS statistics.
The optimal cutoff rmin is the one that minimizes the KS
statistic.
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FIG. 3. (Color online) Dependence of the tail exponents of
positive and negative returns for the 20 groups as a function of
the 1-min average turnover rate 〈v/c〉. The solid lines are the
best fits of α = A+B ln 〈v/c〉, where B = −0.15±0.04 for the
positive tails with the p-value equaling to 0 and R2 = 0.45,
and B = −0.20 ± 0.02 for the negative tails with the p-value
equaling to 0 and R2 = 0.84, respectively.
Figure 3 shows the dependence of the tail exponents
of positive and negative returns for the 20 groups as a
function of the 1-min average trading value. We fit the
data to the logarithmic function (5) and obtain that B =
−0.15 ± 0.04 for the positive tails with R2 = 0.45 and
B = −0.20± 0.02 for the negative tails with R2 = 0.84,
respectively. We find that the tail exponents decrease
with the turnover rate. For the positive return curve,
there are two outliers that deviate remarkably from the
linear trend. If we discard these two points, the results
for positive and negative returns are very similar.
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FIG. 4. (Color online) Dependence of the tail exponents of
returns for individual stocks as a function of the 1-min average
turnover rate 〈v/c〉. The solid lines are the best fits of α =
A+B ln 〈v/c〉, where B = −0.23 ± 0.03 for the positive tails
with the p-value equaling to 0 andR2 = 0.07 and B = −0.24±
0.03 for the negative tails with the p-value equaling to 0 and
R2 = 0.08, respectively. The dashed line is α = 2.
We also apply the CSN method to the returns of indi-
vidual stocks and the exponents of positive and negative
tails are calculated. The dependence of the tail expo-
nents of returns for individual stocks as a function of the
1-min turnover rate is presented in Fig. 4. Fitting the
data to Eq. (5), we have B = −0.23 ± 0.03 for the pos-
itive tails with R2 = 0.07 and B = −0.24± 0.03 for the
negative tails with R2 = 0.08, respectively. Although the
R-square values are small, the slopes B are significantly
different from 0, which implies that the tail exponents do
depend on the turnover rate. In addition, we find that
the positive and negative tails are roughly symmetric.
All the results presented above show that the tails are
fatter with smaller exponents α for larger turnover rates.
This is consistent with the conventional wisdom that a
stock with high turnover rate is riskier and has higher
volatility. Usually, stocks with small market capitaliza-
tion have higher turnover rates, which is especially true
for the Chinese stock market. Therefore, it is possible
that market capitalization may also have an important
impact on the heaviness of the return tails.
IV. DEPENDENCE OF RETURN
DISTRIBUTION ON MARKET
CAPITALIZATION
We now investigate the possible impact of market cap-
italization on the distribution of stock returns, especially
on the power-law tail exponent. We note that the own-
ership of stock shares is split and only about one-third of
4the total outstanding shares are tradable in the market
during the time period under investigation. The market
capitalization is calculated as the product of the out-
standing tradable shares and the price at the beginning
of the database records.
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FIG. 5. (Color online) Empirical distributions of 1-min stock
returns for the 20 groups partitioned based on the average
market capitalization.
We sort all the stocks according to their market cap-
italization and partition them into 20 groups, ensur-
ing that the groups contain almost identical number of
stocks. The 1-min returns of the stocks in the same group
are pooled as one sample. Figure 5 shows the empirical
distributions of stock returns for the 20 groups with dif-
ferent average market capitalization. It is found that the
shape of the curves is very similar to that in Fig. 1. Com-
paring Fig. 5 and Fig. 1, we observe that the curves in
Fig. 5 are less collapsed with each other. It can be con-
jectured that the correlation between tail exponent and
market capitalization is stronger than the turnover rate,
which is exactly the case as we will show below.
We estimate the tail exponents using the q-Gaussian
model and the CSN method as in Sec. III. For each group
of stocks, we obtain three exponents. Figure 6 illustrates
the dependence of the tail exponents of 1-min returns
for the 20 groups as a function of the average market
capitalization. We observe that all the three exponents
exhibit an increasing linear trend in semi-logarithmic co-
ordinates. To fit the three curves, we adopt a logarithmic
function
α = A+B ln〈c〉. (7)
Linear regressions of α with respect to ln c give that B =
0.04 ± 0.02 with R2 = 0.32 for the q-Gaussian model,
B = 0.15±0.02 with R2 = 0.80 for the positive tails, and
B = 0.14 ± 0.02 with R2 = 0.76 for the negative tails,
respectively. Comparing with the results in Sec. IV, the
R-square values in the present case are much larger and
the slopes are all significantly different from 0 according
to the t-tests. In other words, the tails for small-cap
stocks are fatter than large-cap stocks. This finding is
consistent with the conventional wisdom in finance that
small-cap stocks are riskier and have more occurrences of
large price fluctuations.
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FIG. 6. (Color online) Dependence of the tail exponents of
returns for the 20 groups as a function of the average market
capitalization. The tail exponents are estimated from the q-
Gaussian model and the CSN method. The three sets of data
points are fitted to the logarithmic function (7). We obtain
that B = 0.04 ± 0.02 with R2 = 0.32 for the q-Gaussian
model, B = 0.15 ± 0.02 with R2 = 0.80 for the positive tails,
and B = 0.14 ± 0.02 with R2 = 0.76 for the negative tails,
respectively.
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FIG. 7. (Color online) Dependence of the tail exponents of
returns for individual stocks as a function of the market cap-
italization. The solid lines are the best fits of α = A+B ln c,
where B = 0.22 ± 0.02 for the positive tails with R2 = 0.10
and B = 0.22 ± 0.03 for the negative tails with R2 = 0.12,
respectively.
We also apply the CSN method to the returns of indi-
vidual stocks and the exponents of positive and negative
tails are calculated. Figure 7 shows the dependence of
the tail exponents of returns for individual stocks as a
function of the average market capitalization. Fitting
the data to Eq. (7) where 〈c〉 is replaced by c, we have
B = 0.22± 0.02 for the positive tails with R2 = 0.10 and
B = 0.22 ± 0.03 for the negative tails with R2 = 0.12,
respectively. We find that the slopes B are significantly
5different from 0. We also observe that the B values in
Fig. 7 for individual stocks are larger than those in Fig. 6
for grouped stocks. In addition, we find that the positive
and negative tails are roughly symmetric.
V. BIVARIATE REGRESSION
In Sec. III and Sec. IV, we have shown that the tail
exponents are dependent of the average turnover rates
and the market capitalization in logarithmic forms. It
is thus natural to combine these results and suggest a
bivariate logarithmic function as follows
α = A+Bv/c ln〈v/c〉+Bc ln c. (8)
This test can only be done for individual stocks since
the two grouping methods in the previous sections are
different.
We perform linear least-squares regressions for positive
and negative tails. The estimated parameters for positive
tails are obtained that A = −1.13±0.41, Bv/c = −0.07±
0.04, and Bc = 0.18± 0.03, whose R-square is R2 = 0.11
and the p-values are 0.006, 0.077, and 0, respectively.
For negative tails, the parameters are A = −1.23± 0.39,
Bv/c = −0.06 ± 0.03, and Bc = 0.19 ± 0.03, whose R-
square is R2 = 0.13 and the p-values are 0.001, 0.066,
and 0, respectively. A comparison of the three regression
models expressed in Eqs. (5), (7) and (8) is presented in
Table I.
TABLE I. Comparison of the three regression models pre-
sented in Eqs. (5), (7) and (8). The number of stars in the
superscript of a coefficient indicates its significance level: ∗∗∗
for 1% and ∗ for 10%.
Positive tail Negative tail
Eqn Bv/c Bc R
2 Bv/c Bc R
2
(5) −0.23∗∗∗ / 0.07 −0.24∗∗∗ / 0.08
(7) / 0.22∗∗∗ 0.10 / 0.22∗∗∗ 0.12
(8) −0.07∗ 0.18∗∗∗ 0.11 −0.06∗ 0.19∗∗∗ 0.13
The bivariate regression results are consistent with
those in the univariate regressions. That is, the tail ex-
ponents increase with market capitalization and decrease
with turnover rate. For both univariate model (7) and
bivariate model (8), the coefficients of market capitaliza-
tion are significant at the 1% level. The coefficients of
turnover rate are significant at the 1% level in the uni-
variate model (5) and significant only at the 10% level in
the bivariate model (8). In addition, the introducing of
ln c in model (5) improves its explanatory power (char-
acterized by R2) by 4% to 5%, while introducing ln〈v/c〉
in model (7) improves its explanatory power by 1%. All
these findings imply that market capitalization is a more
significant influencing factor of the tail heaviness.
A simple manipulation of Eq. (8) reads
α = A+ Bv/c ln〈v〉+ (Bc −Bv/c) ln c, (9)
which means that the average traded value might also
have an impact on the tail heaviness. We have investi-
gated the univariate model by posing Bc − Bv/c = 0 in
Eq. (9), that is
α = A+B ln〈v〉, (10)
We partition the stocks into 20 groups according to
their 1-min average traded values. From the q-Gaussian
model, we find that B = −0.06 ± 0.04 with R2 = 0.12.
In contrast, the CSN method gives that B = 0.01± 0.02
with R2 = 0.02 for positive tails and B = 0.02 ± 0.02
with R2 = 0.03 for negative tails. For individual stocks,
we have B = 0.16± 0.03 with R2 = 0.03 for positive tails
and B = 0.17 ± 0.03 with R2 = 0.04 for negative tails.
Different from the results of turnover rate and market
capitalization, the results of average traded value from
different method are inconsistent with each other.
VI. CONCLUSION
We have investigated the distributions of one-minute
intraday returns of all the A-share stocks traded in the
Chinese stock market, which is the largest emerging mar-
ket in the world. The returns are standardized to have
zero mean and unit variance. We studied the possible im-
pact of the turnover rate and the market capitalization
on the return distributions with special attention paid to
the tail behavior.
For individual stocks, the returns are found to have
power-law tails. Basically, the tail exponents fluctuate
around α = 3, ranging from α = 2 to α = 5. It indicates
that the return distributions of individual Chinese stocks
are well outside the Le´vy stable regime. When the stocks
are grouped according to their turnover rates, market
capitalization or traded values, the returns in each group
can be well fitted by the q-Gaussian formula.
We found from different methods that the tail expo-
nents logarithmically decrease with the turnover rate and
increase with the market capitalization and the market
capitalization has a greater impact than the turnover
rate. These observations are consistent with the fact that
a stock is riskier and has fatter tails when its capitaliza-
tion is small and it has higher turnover rate. However, we
did not find convincing evidence for the impact of traded
value on the tail behavior. We conclude that the intraday
return distributions are not universal in emerging stock
markets, which is different from the universal tail distri-
bution for stocks in developed western stock markets.
ACKNOWLEDGMENTS
We acknowledge financial support from the “Shu
Guang” project (2008SG29) and the “Chen Guang”
project (2008CG37) sponsored by Shanghai Municipal
6Education Commission and Shanghai Education Devel- opment Foundation and the Program for New Century
Excellent Talents in University (NCET-07-0288).
[1] R. N. Mantegna and H. E. Stanley, An Introduction to
Econophysics: Correlations and Complexity in Finance
(Cambridge University Press, Cambridge, 2000).
[2] J.-P. Bouchaud and M. Potters, Theory of Financial
Risks: From Statistical Physics to Risk Management
(Cambridge University Press, Cambridge, 2000).
[3] Y. Malevergne and D. Sornette, Extreme Financial Risks:
From Dependence to Risk Management (Springer, Berlin,
2006).
[4] L. Bachelier, The´orie de la Spe´culation, Ph.D. thesis,
University of Paris, Paris (1900).
[5] M. F. M. Osborne, Oper. Res., 7, 145 (1959); F. Black
and M. Scholes, J. Polit. Econ., 81, 637 (1973).
[6] B. B. Mandelbrot, Int. Econ. Rev., 1, 79 (1960); Econo-
metrica, 29, 517 (1961); Int. Econ. Rev., 4, 111 (1963);
J. Polit. Econ., 71, 421 (1963); J. Business, 36, 394
(1963).
[7] E. F. Fama, J. Business, 38, 34 (1965); R. N. Mantegna
and H. E. Stanley, Nature, 376, 46 (1995).
[8] P. Gopikrishnan, M. Meyer, L. A. N. Amaral, and H. E.
Stanley, Eur. Phys. J. B, 3, 139 (1998).
[9] P. Gopikrishnan, V. Plerou, L. A. N. Amaral, M. Meyer,
and H. E. Stanley, Phys. Rev. E, 60, 5305 (1999).
[10] V. Plerou, P. Gopikrishnan, L. A. N. Amaral, M. Meyer,
and H. E. Stanley, Phys. Rev. E, 60, 6519 (1999).
[11] J. Laherrere and D. Sornette, Eur. Phys. J. B, 2, 525
(1998).
[12] D. Makowiec and P. Gnacin´ski, Acta Physica Polonica
B, 32, 1487 (2001); W. K. Bertram, Physica A, 341,
533 (2004); K. Matia, M. Pal, H. Salunkay, and H. E.
Stanley, EPL (Europhys. Lett.), 66, 909 (2004); C. Yan,
J.-W. Zhang, Y. Zhang, and Y.-N. Tang, Physica A, 353,
425 (2005); H. F. Coronel-Brizio and A. R. Herna´ndez-
Montoya, 354, 437 (2005).
[13] T. Qiu, B. Zheng, F. Ren, and S. Trimper, Physica A,
378, 387 (2007); S. Droz˙dz˙, M. Forczek, J. Kwapien´,
P. Os´wi¸cimka, and R. Rak, 383, 59 (2007); R. K.
Pan and S. Sinha, EPL (Europhys. Lett.), 77, 58004
(2007); Physica A, 387, 2055 (2008); B. M. Tabak,
M. Y. Takami, D. O. Cajueiro, and A. Petitiniga, 388,
59 (2009); M. Eryig˘it, S. C¸ukur, and R. Eryig˘it, 388,
1879 (2009); J. Jiang, W. Li, X. Cai, and Q. P. A. Wang,
388, 1893 (2009).
[14] S. M. D. Queiros, Quant. Financ., 5, 475 (2005); S. M. D.
Queiros, L. G. Moyano, J. de Souza, and C. Tsallis, Eur.
Phys. J. B, 55, 161 (2007).
[15] J.-W. Zhang, Y. Zhang, and H. Kleinert, Physica A,
377, 166 (2007).
[16] G.-F. Gu, W. Chen, and W.-X. Zhou, Physica A, 387,
495 (2008).
[17] M. A. Fuentes, A. Gerig, and J. Vicente, PLos One, 4,
e8243 (2009); A. Gerig, J. Vicente, and M. A. Fuentes,
Phys. Rev. E, 80, 065102 (2009).
[18] S. Ghashghaie, W. Breymann, J. Peinke, P. Talkner, and
Y. Dodge, Nature, 381, 767 (1996).
[19] B. Castaing, Y. Gagne, and E. J. Hopfinger, Phys-
ica D, 46, 177 (1990); B. Castaing, Y. Gagne, and
M. Marchand, 68, 387 (1993); B. Castaing, B. Chabaud,
B. He´bral, A. Naert, and J. Peinke, Physica B, 194-196,
695 (1994); B. Castaing, Physica D, 73, 31 (1994).
[20] A. C. Silva, R. E. Prange, and V. M. Yakovenko, Phys-
ica A, 344, 227 (2004); K. Kiyono, Z. R. Struzik, and
Y. Yamamoto, Phys. Rev. Lett., 96, 068701 (2006); B.-
H. Wang and P.-M. Hui, Eur. Phys. J. B, 20, 573 (2001);
K. E. Lee and J. W. Lee, J. Korean Phys. Soc., 44, 668
(2004); D. Sornette, Critical Phenomena in Natural Sci-
ences - Chaos, Fractals, Self-organization and Disorder:
Concepts and Tools, 2nd ed. (Springer, Berlin, 2004).
[21] Y. Malevergne, V. Pisarenko, and D. Sornette, Quant.
Financ., 5, 379 (2005); Appl. Financ. Econ., 16, 271
(2006).
[22] X. Gabaix, P. Gopikrishnan, V. Plerou, and H. E. Stan-
ley, Nature, 423, 267 (2003); Physica A, 324, 1 (2003);
Quart. J. Econ., 121, 461 (2006); J. Eur. Econ. As-
soc., 4, 564 (2007); W.-X. Zhou, “Universal price impact
functions of individual trades in an order-driven market,”
(2007), arXiv: 0708.3198v2; X. Gabaix, P. Gopikrishnan,
V. Plerou, and H. E. Stanley, J. Econ. Dyn. Control, 32,
303 (2008).
[23] J. D. Farmer, L. Gillemot, F. Lillo, S. Mike, and A. Sen,
Quant. Financ., 4, 383 (2004); P. Weber and B. Rosenow,
6, 7 (2006); A. Joulin, A. Lefevre, D. Grunberg, and J.-
P. Bouchaud, Wilmott Magzine, Sep/Oct, 1 (2008).
[24] P. K. Clark, Econometrica, 41, 135 (1973).
[25] R. Rak, S. Droz˙dz˙, and J. Kwapien´, Physica A, 374, 315
(2007).
[26] D. Challet, M. Marsili, and Y.-C. Zhang, Minority
Games: Interacting Agents in Financial Markets (Ox-
ford University Press, Oxford, 2005); T. Preis, S. Golke,
W. Paul, and J. J. Schneider, EPL (Europhys. Lett.), 75,
510 (2006); Phys. Rev. E, 76, 016108 (2007); S. Mike and
J. D. Farmer, J. Econ. Dyn. Control, 32, 200 (2008); G.-
F. Gu and W.-X. Zhou, Eur. Phys. J. B, 67, 585 (2009);
EPL (Europhys. Lett.), 86, 48002 (2009).
[27] V. Plerou and H. E. Stanley, Phys. Rev. E, 77, 037101
(2008); H. E. Stanley, V. Plerou, and X. Gabaix, Physica
A, 387, 3967 (2008).
[28] G.-F. Gu, W. Chen, and W.-X. Zhou, Eur. Phys. J. B,
57, 81 (2007).
[29] F. Z. Wang, S.-J. Shieh, S. Havlin, and H. E. Stanley,
Phys. Rev. E, 79, 056109 (2009).
[30] C. Tsallis, J. Stat. Phys., 52, 479 (1988).
[31] A. Clauset, C. R. Shalizi, and M. E. J. Newman, SIAM
Rev., 51, 661 (2009).
